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Abstract 
Process of thermal dehydration modified (modifiers – isomerous disaccharide ) cement pastes of the day's age studied by 
methods of electronic microscopy and the X-ray phase analysis. Dehydration of the modified cement stone is followed by 
considerable changes of both the phase structure and the structure of nanoparticles of the cement gel, nature of changes is defined 
by structure of the modifying disaccharide revealed. The modifying carbohydrates build up the unique character of a nanophase 
both before and after thermal dehydration. 
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1. Introduction 
Availability of feedstock, a variety of structural forms of carbohydrates and diversity of the impact of 
carbohydrates on the hydration process of mineral binding agents determine continued growth of interest of 
researchers in this group of organic substance [1-6]. The analysis of XRD signals of  poorly crystallized  phases of a 
cement stone intensity dynamics in the course of hydration of a portland cement has showed that carbohydrates are 
localized in a high-hydrate phase of cement gel: both mono - and disaccharides  stabilize a high-hydrate phase of 
cement gel and interfere with formation of more dense CSH(I) – gel [7]. This conclusion is similar to results of 
research [2] which authors found a gain of volumes of cement gel of low density [8,9] in the presence of sucrose.  
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According to authors [4] slowing-down ability of sugar alcohols concerning hydration of a portland cement 
(aliphatic sugar alcohols) directly correlates with threo-OH-groups existence in their structure. The importance of 
mutual orientation OH-groups in sugars molecules is also noted by authors [6]. Researchers [6] suggested that, many 
effects are observed over sugars, should explain the specific adsorption of carbohydrates on the surfaces of 
hydrosilicate and aluminate, and the specificity of adsorption is determined by the nature of the initial carbohydrate. 
At the same time, it  found, that some water adsorbs with disaccharide (sucrose) coincidently. Necessary to consider 
that the conditions of the experiment (hydration of cement at 95 Ԩ, 4 hours) suggest adsorption of carbohydrates on 
thermodynamically stable hydrate phases. However, the interaction of carbohydrates with a metastable primordial 
phase of cement stone, which formed in the initial stage of hydration, does not apply to this research. Besides, it is 
not clear of the results of the research, it is detected coadsorbed water adsorbed independently or it is combination 
with the adsorbed carbohydrate. Thus, this work is an attempt to evaluate the effect of carbohydrate structures on the 
evolution of nano-phase cement stone in the first 24 hours of hydration.  
Based on the assumption, that carbohydrates are absorbed gel phase of the cement stone and the strength of 
adsorption complexes depends from the structure of the carbohydrate, consistency of these complexes may be 
estimated from the changes in the phase diagram of the modified cement stone in the process of thermal dehydration 
and changes in the visual characteristics of nanoparticles, which present in the liquid phase. 
Isomeric disaccharides maltose, lactose, sucrose were chosen modifying carbohydrates and lactose and maltose 
can exhibit tautomerism with disclosure of one cycle.(figure1,a,c). 
 
Figure1. a – saccharose, b - maltose and its tautomer, c - lactose and its tautomer 
It should be noted that residues of galactose and glucose store closed form in water solutions of lactose and 
maltose respectively and only glucose residues exposed the disclosure. 
2. Materials and methods 
Portland cement was selected the object of investigation (ɋȿɆ I 42.5 N GOST 31108-2003 of Holcim (Rus) CM 
OAO Volsk plant). The carbohydrate content was 1% by weight of cement. Specimens of modified cement pastes 
were subjected to hydration for 24 h (25 ć, humidity 100%), then specimens divided into two parts, each of which 
was subjected to drying in different conditions: one part was mixed with acetone (to stop the hydration process) and 
dried at 30 ć to constant weight; The second part was dried at 100 ć to constant weight. Structural changes 
tenuously crystallized phases were determined by X-ray diffractometer DRON general purpose DRON 3.0 and 4.0 
during the shooting: ɄĮ-Cu, anode current of 25 mA, voltage 25 kV, burst rate of 2 degree/min (DRON 3.0), ɄĮ-Cu, 
anode current of 30 mA, voltage 40 kV, burst rate of 2 degree/min, the width of the optical gap of 4 mm (DRON 
4.0).Nanoparticles character visual changes was being controlled by translucent electronic microscope Carl Zeiss 
Libra 120. Model’s preparing scheme for electronic microscopy includes model’s milling in water environment, 
processing manipulation in ultrasonic disintegrator with following drawi of nanofase on a polymer substrate. 
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3. Results and discussion 
According to overall submissions  about cement stone’s structure formation, active hydrolysis of klinker minerals 
is following with creating highly basic hidrosilicates, which form hard solutes with a lot of Ca(OH)2. With the 
development of the condensation process, hard solutes split with creation of portlandite, crystalline forms of 
hidrosilicates, poorly crystallired products which form CSH(I) – gel includes as hidrosilicates as poorly crystalized 
Ca(OH)2 particle. The resulting colloid system is hydrophilic system, i.e. particles of the dispersed phase have 
developed solvation shell, which stabilizes gel structure. 
 
Figure 2. XRD of unmodified cement stone in the range of interplanar distances (I.d.)  d = 0,88-0,23 nm (a) and d = 0,88-1,47 nm  (gel phase 1) 
(b).   1 – drying at 30 Ԩ; 2 - drying at 100 Ԩ. ABF – analytical signal alit-belite phase, P – signal of  portlandite, CAH10 –calcium aluminate 
hydrate, Et – signal  of ettringite, M, N – unidentified phases. 
During first twenty-four hours of hydration of common cement it’s hydrate phases in the XRD patterns are 
presented mainly portlandite and highly hydrates gel phase (interplanar distances (I.d.) d = 1.47 – 0.8 nm), which 
condensing turns in the form of CSH(I) – gel with I.d. in the range of d = 0.33 – 0.26 nm [10-12]. So in the cement 
stone age daily gel phase is an consolidated advanced solvation shell colloidal system, prone to syneresis. 
Comparative analysis shows that the drying of cement stone at elevated temperatures leads to an almost total 
collapse of the wide signals poorly crystallized phases in area of I.d. d = 1.47 – 0.8 nm (gel phase first), increase of 
the signals intensity CSH(I) – gel (d = 0.33 - 0.26 nm) and a sharp increase in the portlandite signal (figure 2). 
Table 1. The relative intensities of the phases reflections of cement stone 
* - the signal intensity alite-belit phase (ABF) 
Conditions of drying 
The ratio of intensities the analytical phase signals, Jɯ /JABF* 
portlandite  (P) 
(d=0,49 nm) 
CSH (I) 
(d=0,33-0,26 nm) 
Gel phase  1 
(d=1,47-0,88 nm) 
30Ԩ 1,68 6,00 0,86 
100Ԩ 2,40 8,38 0,12 
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Quantitative analysis shows that the process of the high temperature processing portlandites signal increase of 
intensity was 42% of the original one, CSH(I) – gel’s signal – 39%, whereas intensity of the gel phase signal 
detreased by 86%. In other words, the removal of water causes to the poorly crystallized Ca(OH)2 moving in a 
crystalline form (portlandite) and compaction of the original gel structure (gel phase 1) with creating of the main 
form. Herewith interplanar spacing specific to the gel phase are reduced by 0.8 nm in average, which corresponds to 
a chain of 3 water molecules (0.7 – 0.9 nm). 
The greatest interest was the range d = 1.47 - 0.8 nm., where reflections of gel phase forms. Comparative analysis 
shows in the absence of carbohydrates increase of drying temperature from 30° to 100°C leads to destruction of 
ettringite phase (d = 0.95 nm) and the formation of two weakly expressed signals at diffraction angles 2 ڧ = 6.9 and 
7.6 degrees (1.28 and 1.16 nm respectively). 
A similar pattern is typical for the modified samples, however, the number of reflections, their nature and 
location is very considerably –– individuality of the impact of carbohydrates of the processes of transformation of 
the original gel phase appears. 
The magnitude of the intensity of signal gel phase 1 (drying temperature 30eC) modified compositions arranged 
in a row: lactose ė sucrose ė maltose. However, estimating of the degree of reflection intensity drops during the 
heat treatment, the following series is formed: lactose (23.8%) – maltose (32.3%) – sucrose (37.5%). Comparison of 
these two rows and comparison with the parameters of the control sample leads to the conclusion all these contribute 
to thermal stability of carbohydrates in the gel phase 1, and the leader is lactose – it is presence in the gel phase 
amount almost one half bigger than the control composition. 
Comparative analysis allows to estimate the impact of the activity considered carbohydrates in the various phases 
of cement stone. As we can see in table 2, the presence of any carbohydrate decreases signal intensity of 
portlnandite in most to zero – carbohydrates stabilize Ca(OH)2 in the amorphous state. 
Contents of CSH(I) phase (signal at 0.33 – 0.26 nm) was also significantly lower than the control composition. 
However, during the heat treatment of the modified sample observed increase in the intensity of various signal: 
maltose (+15%) – lactose (+3%) – sucrose (-5%) (control structure is 39%). Thus, sucrose exhibits the biggest 
activity against negative CSH(I) phase, preventing it’s formation. 
Table 2. The relative intensities of the reflections of the samples modified cement pastes 
Modifier 
The ratio of intensities the analytical phase signals, Jx/JABF* 
Drying 30 Ԩ Drying 100 Ԩ 
Portlandite  
(P) 
Ettringite  
(Et) 
CSH I Gel Phase 1 
Portlandite  
(P) 
Ettringite 
 (Et) 
CSH I Gel Phase 1 
- 1,68 0,16 6,00 0,86 2,40 0,08 8,38 0,12 
Maltose 0,03 0,12 2,53 0,65 0,00 0,03 2,92 0,44 
Lactose 0,00 0,05 2,30 1,68 0,00 0,00 2,37 1,28 
Sucrose 0,00 0,10 2,03 0,96 0,00 0,00 1,92 0,60 
* - the signal intensity alite-belit phase (ABF) 
Comparing the ranks of the dynamics of changes in other signals (table 2) and considering that the original 
volume of the hydration products is constant and does not depend on the drying temperature, we can conclude that 
the gel phase 1 transforms not only in portlandite and ɋSɇ (I)-gel, but in the x-ray amorphous products, and the 
presence of carbohydrates dramatically increases the share of the latter: the volume of ettringite and the gel phase 1 
in the control composition and the modified samples are comparable, whereas the content of portlandite in the 
modified formulations vanishingly small, and the content of CSH (I)-gel reduced by an average 3.5 times. 
Noteworthy sucrose, the presence of which particularly affects formation of CSH(I)-gel. The cause of this 
activity sucrose, apparently, to be found in the peculiarities of its structure - sucrose is the only carbohydrate in this 
series, not participating in the processes of disclosure cycle (tautomeric transitions) that provides the maximum 
number of OH-groups in the structure of pyranose and furanose cycles simultaneously involved in the process of 
adsorption interaction. 
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Analysis of the XRD patterns in the range d = 0,88-0,26 nm allowed us to make an important observation: on the 
XRD examination are the analytical signals N (d= 0,33 nm) and M (d=0,59 nm), whose behavior is purely 
individual and connected with the audience in the system of carbohydrate. These signals are also present in the XRD 
examination of the control composition, but their intensity is quite low (table 3), during the heat treatment signal N 
retains its intensity, whereas the signal M almost disappears (figure 2 and table 3). 
 
Fig. 3. XRD of the modified cement paste (modifier - maltose) in the range of interplanar distances d = 0,88-0,23 nm (a) and d = 0,88-1,47 nm 
(b). 1 - drying at 30 Ԩ; 2 - drying at 100 Ԩ 
 
Fig. 4. XRD of the modified cement paste (modifier - sucrose) in the range of interplanar distances d = 0,88-0,23 nm (a) and d = 0,88-1,47 nm 
(b). 1 - drying at 30 Ԩ; 2 - drying at 100 Ԩ 
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A different picture is observed on XRD patterns modified compounds, with the most striking differences 
observed in the presence of maltose in the heat treatment process the signal N increases its intensity 13 times and 
becomes dominant in the XRD examination (figure 3 a), whereas the signal M remains constant intensity; similar 
but diametrically opposite picture is observed in the presence of sucrose: signal N during the heat treatment reduces 
intensively 9 times, the signal M remains constant intensity (figure 4 (a); in the presence of lactose, the signal N is 
constant in the whole temperature range drying, the signal M increases its intensity 2 times (figure 5 and table 3).  
 
Fig. 5.  XRD of the modified cement paste (modifier - lactose) in the range of interplanar distances (I.d.). 0,88-0,23 nm (a) and 0,88-1,47 nm (b). 
1 - drying at 30 Ԩ; 2 - drying at 100 Ԩ 
Although the assignment of these signals to any of the phases was not the aim of the study found differences in 
the XRD patterns shows the deep influence of carbohydrates on the evolution of the hydrated cement system is not 
limited to the adsorption of shielding the surface of silicates and aluminates. 
 
Table 3.  The relative intensities of the reflections of the samples modified cement pastes 
Modifier 
The ratio of intensities the analytical phase signals, Jx/JABF 
Drying 30 Ԩ Drying 100 Ԩ 
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- 0,20 0,12 6,00 0,86 0,31 0,22 0,06 8,38 0,12 0,13 
Maltose 0,33 0,08 2,53 0,65 0,40 1,19 0,10 2,92 0,44 0,12 
Lactose 0,07 0,05 2,30 1,68 0,25 0,09 0,10 2,37 1,28 0,13 
Sucrose 0,38 0,07 2,03 0,96 0,45 0,04 0,06 1,82 0,60 0,07 
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Figure 6. Characteristic nanostructures hydratable portland cement. 
The obtained XRD data complement the results of electron microscopy, which revealed the changing nature of 
the primary structure of hydrated tumors formed in the presence  of carbohydrates. 
According understanding of the processes of hydration unmodified cement [12] among the products of hydration 
in the initial period accumulated aluminate phase - prismatic crystals ettringite (not shown) and products of their 
transformation of cubic shape (figure 6 (a)). At the same time in the system are developed cluster structure from the 
primary spherical nanoparticles with a diameter of 30-40 nm, forming extensive spatial gel mesh (figure 6 b). 
In presence of carbohydrates the situation changes sharply. The presence of succharose provokes  the 
accumulation of non-structured primary nanoparticles aggregates 30-70 nm diameter in liquid phase. These particles 
tend to densification and forming large isolated irregular round particles 300-400 nm diameter (compaction 
products) (figure 7 a,b), and that on the whole conforms with other authors' experimental results [2,5], which shows 
preferential accumulation in embryonic phase system. 
Besides, a large amount of cubic structures, most likely aluminates (figure 7c), in system is characteristic, and 
corresponds to RFA data (figure 3 a). Modified stone heat treatment at 100ć leads to destabilization of compaction 
products. Large aggregates destabilization with forming new round nanostructures 20-40 nm diameter in them 
(figure 8ɚ) is observed. Thus new nanostructures can form gel-like mesh structures (figure 8b). 
 
Figure 7. Characteristic Portland cement nanostructures, hydrated in the presence of saccharose. Drying 30Ԩ. 
 
Figure 8. Characteristic portlandcement nanostructures, hydrated in the presence of saccharose. Drying 100 Ԩ. 
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Figure 9.  Characteristic portlandcement nanostructures, hydrated in the presence of maltose. Drying 30Ԩ. 
 
Figure10. Characteristic portlandcement nanostructures, hydrated in the presence of maltose. Drying 100Ԩ. 
After maltose added, ettringite phases undergo an active transformation at hydration and decompose with 
aggregation of round particles 10-40 nm diameter (figure 9a). At the same time a large amount of isolated irregular 
form particles 150-250 nm diameter, primary nanoparticles compaction products (figure 9b), is registered in system.  
Thus primary nanoparticles form less developed gel-like structures similar to unmodified cement system(figure 9c). 
Cubic and prismatic aluminates particles are represented in equal parts. In modified stone heat treatment 
destabilization of large aggregates with forming on their surface needle nanostructures 15-30 nm diameter length is 
observed too (figure 10a). 
These needle particles are capable to leave a surface of a uterine particle and to form congestions which feature is 
existence of a dense cloud of an amorphous phase (figure 10b). The anisometric of particles allows to assume 
existence of a large number that the abnormal gain of intensity of an analytical signal of N (figure 3a) is connected 
with formation of one-dimensional textures. 
 
 
Figure 11. The characteristic nano - structures of the Portland cement which is hydrated in lactose presence. Drying 30 Ԩ. 
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Figure 12. The characteristic nano - structures of the Portland cement which is hydrated in lactose presence. Drying 100 Ԩ. 
Presence of lactose provokes active formation of the crystal phases inclined to fragmentation (figure 11 and), and 
also isolated particles of the correct cubic form (figure 11b). Thus formations of gel-like structures from primary 
nanoparticles it is almost not observed (figure 11c). Heat treatment also provokes transformation of large units with 
education to their surfaces of the nanoformation having an uncertain form of particles (figure 12 a). Besides, at 
system there is a large number of particles of the correct cubic form (figure 12 b), similar to particles in figure 11b  
and possessing high quality of sides (figure 12 c); the average size of such particles makes 180x220x30nm. 
4. Conclusions 
The comparative analysis of the presented material allows to draw a conclusion that impact of carbohydrates on 
evolution of the hydrated cement system isn't limited only to the adsorptive shielding of a surface of silicates and 
aluminates which is slowing down hydration, but also influences nature of nanoformations of cement gel. The fact 
that ability of carbohydrates to influence structure of nanoparticles especially brightly is shown only after heat 
treatment of the modified cement stone that testifies to an active role of the adsorbed water in formation of a 
nanophase of a cement stone attracts attention. 
In the bioses entering in water solutions tautomerny transitions (lactose, a maltose) the dominating modifying 
role is played by the cyclic part of a molecule of biose which isn't entering processes of disclosure of a cycle: lactose 
and a maltose differ in spatial structure of the piranosy cycle keeping a cyclic form in water solution (lactose - 4-(ȕ-
D-galactopyranasyl) - D-glucose; a maltose - 4-(Į-D-glucopyranasyl) - D-glucose). 
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